In an effort to continue to reduce vitamin A deficiency in India, studies have been conducted using red palm oil. The bioavailability of β-carotene in red palm oil is higher that than of green and yellow vegetables, with an absorption rate of nearly 90%. Studies have shown that red palm oil is safe and acceptable. Refined red palm oil (Carotino) can be mixed with other refined edible oils without affecting their taste. It does add a yellow color, for which consumer education is needed. Because of stability problems, the final product selected for feeding would need to contain 7% to 10% of the Carotino, depending on the form used. Further studies are being planned to evaluate the effect of Carotino-containing supplements on growth and vitamin A status of children. A major limitation to producing supplementary foods containing red palm oil is the small amount of red palm oil produced in India at this time; most of it has to be imported from Malaysia.
Introduction
Vitamin A deficiency is a major nutrition problem in India among preschool children. Vitamin A deficiency, its prevalence, clinical manifestations, and health and functional consequences, has been studied in India since the 1930s [1] . One of the serious consequences of severe vitamin A deficiency is nutritional blindness among young children, which was recognized fairly early during studies on vitamin A deficiency in the country. One of the main causes of widespread vitamin A deficiency among children in India is the low intake of carotene-rich foods. The average daily intake of carotene by the preschool child population of lowincome groups is only about 20% of the recommended dietary allowance (RDA) (table 1); this is particularly so in rural areas [2] . Although India is a major producer of fruits and vegetables [3] , per capita availability of β-carotene from all these sources falls short of the recommended intakes, being only about half of the RDA (table 2) .
Although the prevalence of severe forms of vitamin A deficiency was quite high until the beginning of the 1980s, it has decreased markedly in the past 10 to 15 years. The extensive Indian experience with the use of red palm oil as a source of provitamin A that began in 1935 has been reviewed previously [4] . This paper presents further experience with red palm oil use and some more recent data based on the availability of a more refined red palm oil (Carotino) produced by molecular distillation [5] . B. S. Narasinga Rao The author is the former Director of the National Institute of Nutrition in Hyderabad, India.
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Red palm oil as a source of provitamin A
Taking into consideration the bioavailability of β-carotene from plant sources such as carrots, the Food and Agriculture Organization/World Health Organization (FAO/WHO) [6] proposed that the retinol equivalent of 1 µg of β-carotene is 0.16 µg. On the other hand, the Expert Group of the Indian Council of Medical Research (ICMR) on RDA [7] for Indians has recommended that the retinol equivalent of 1 µg of carotene derived from carotene-rich foods (green leafy vegetables) consumed in India be 0.25 µg.
Red palm oil contains a mixture of carotenes, but the bioavailability of its β-carotene is higher than that from green and yellow vegetables. It would appear from studies carried out in India on the serum retinol response to administration of red palm oil that the absorption of β-carotene from the oil is nearly 90% and the retinol equivalent is 0.3 to 0.35 µg. One may thus assume that the retinol equivalent of 1 µg of β-carotene in red palm oil is 0.3 µg.
Blending of crude red palm oil into edible oils
The stability of carotene in edible oils blended with crude red palm oil (CRPO) was also studied at the Harcourt Butler Technological Institute, Cawnpur, where the feasibility of incorporation of crude red palm oil in edible oils and hydrogenated vegetable oils (vanaspati) was also explored [8] . The refined red palm oil produced by molecular distillation (Carotino) that is now available can be easily blended with common edible oils at levels of 10% to 15% without adversely affecting the organoleptic properties of foods prepared with such blends. However, the population may need to be educated and motivated to accept the light golden color of these blends.
Recommendations of the National Nutrition Advisory Body in India concerning the use of red palm oil for fi ghting vitamin A defi ciency during 1937-1940
The interest in India in the use of red palm oil to combat vitamin A deficiency is not of recent origin but began nearly seven decades ago. There was, however, no action on the production and use of red palm oil in combating vitamin A deficiency as a follow-up to the research done at the National Institute of Nutrition or the recommendations of National Advisory Committee of the National Nutrition Advisory Body. However, oil palm cultivation was started on a small scale at Palode, Kerala, in South India, during the early 1970s [9] .
The author has previously reported [4] on a long series of studies in India initiated and conducted by the National Institute of Nutrition demonstrating the value of red palm oil preparations then available for child feeding [10] [11] [12] [13] [14] [15] [16] . After the more refined red palm oil (Carotino) became available in 1995, a few more studies were conducted in the laboratory and the community to assess its acceptability and the impact of the oil on the vitamin A status of children.
Nutritional and safety evaluation of crude red palm oil
A nutritional evaluation of deodorized and deacidified red palm oil in rats [10] and multigenerational toxicological studies in rats [11] indicated that feeding this product had no adverse effect on growth, reproductive performance, or histopathological abnormalities. Similarly, foods fried in repeatedly heated crude palm oil had no mutagenicity when tested by the Ames Test [12] .
Stability of carotene in locally deacidifi ed and deodorized red palm oil during cooking
The effects of different cooking methods on the stability of the total and β-carotene content of red palm oil have been reported previously [4, 13] , indicating a loss of 10% to 30% of the carotene in the cooked foods. Sarojini also studied the stability of carotenes and tocopherols in biscuits, sweetmeats, and pickles prepared with red palm oil or its blends; carotene loss varied from 20% to 50% [14] . Some of these studies on cooking losses were repeated with refined red palm oil [ Acceptability trials with foods cooked in red palm oil De reported in 1937 [8] that foods cooked in unprocessed crude red palm oil were totally unacceptable. He found that foods cooked in other oils containing 6% to 12% CRPO were acceptable. However, acceptability trials with foods cooked in partially processed red palm oil, i.e., deacidified and deodorized red palm oil (DDCRPO) indicated that they were moderately acceptable. Foods prepared with a blend of deacidified and deodorized red palm oil with other traditional oils, such as peanut or safflower oil, at the ratio of 30:70 were fully acceptable. However, foods cooked in other blends with proportions of crude red palm oil in this range were much less acceptable. Such limitations in the acceptability of foods containing deacidified and deodorized red palm oil have also been reported in the subsequent community studies [15, 16] . These limitations of acceptability do not apply to foods prepared with the recently commercially refined red palm oil, Carotino. Common dishes prepared with this oil are entirely acceptable and indistinguishable from foods prepared using traditional oils such as groundnut or refined palm olein. Red palm oil blends well with Indian curries, pickles, and other food preparations that are mostly colored yellow, red, or brown. By using Carotino, which is deep red in color, one can dispense with turmeric or saffron used to impart a pleasant yellow color to Indian dishes such as yellow rice, sweet halwa made from semolina, and pickles.
Enriching edible oils with β-carotene using refi ned red palm oil
Carotino, the refined red palm oil that is currently available from Malaysia, can be blended with other commonly used refined edible oils to the extent of 10% to 15% to enrich these oils with β-carotene as a source of vitamin A activity without affecting the odor or taste of the oils. Such blended oils will provide about 50 to 75 µg of β-carotene per gram of oil. At the current recommended intake of edible oils of 30 g/day (10% of energy), the deficit in the per capita intake of vitamin A (1200 µg carotene/day) can be met easily, and the full vitamin A needs of the Indian population can be met. However, the consumer will need to be educated through nutritional education and social marketing on the nutritional advantages of such edible oils blended with red palm oil and persuaded to accept its slightly yellow color. There is another requirement that needs to be fulfilled before such blending can become a successful commercial venture, that is, the cost of imported Carotino, which now is higher than that of other oils. The solution would be to manufacture it in India. I have recommended at different forums that the limited quantities (about 10,000 tons) of palm oil produced in India be used to produce refined red palm oil to be used in feeding trials in the ICDS and for fortifying edible oils to enrich them with β-carotene to provide additional vitamin A in the diets of the Indian population.
The results of studies summarized previously [4] indicate that the serum retinol levels in children fed 4 g of red palm oil at the end of three months were similar to those in children given 15,000 µg of retinol, and higher in children fed 8 g of red palm oil daily. At the end of three months, however, the serum levels of retinol had decreased from the one-month value but remained higher than the initial value in all the groups. At the end of three months, serum levels were similar in the groups fed vitamin A or 8 g red palm oil while it was lower in the group receiving 4 g. The results of this short-term (3 months) study indicate that the effect of 15,000 µg of synthetic vitamin A given in a single dose is equivalent to 8 g red palm oil fed daily for three months. They also indicate that the retinol equivalent of 1 µg β-carotene present in red palm oil is about 0.3 µg .
In a study by Chadha and Sharma [17] in New Delhi, the feasibility of sustained consumption of red palm oil incorporated into the home diets of 5-to 12-year-old slum children was investigated employing case-control design on a microscale. The diets of 65 children presenting abnormal conjunctival impression cytology with and without clinical signs of vitamin A deficiency were supplemented with 10 g of red palm oil per child per day. Twenty-five children from the adjoining block served as controls. There was some resistance from the mothers to using the oil, but about 50% of the children accepted the red palm oil. Significant improvement was observed in the conjunctival impression cytological status of the experimental group compared with the control group. Reversal of deficiency signs were higher at three and five months than at one month in the group given red palm oil. This study demonstrated the feasibility of feeding red palm oil to children in their home diets, which can be effective in overcoming vitamin A deficiency.
Introduction of red palm oil into the supplementary foods distributed under the Integrated Child Development Services (ICDS) scheme
The ICDS scheme was introduced in India during 1975-76, and currently 4,200 ICDS blocks including 3,187 rural, 273 urban, and 740 tribal blocks are in operation in different parts of the country. One of the services provided by the ICDS scheme is supplementary nutrition for mothers and children, covering 20.6 million children and 3.6 million mothers. ICDS projects offer an excellent opportunity to improve the vitamin A nutritional status of young children and mothers of low-income groups by incorporating β-carotene-rich red palm oil into their supplementary food (table 3) . The essential steps for introducing red palm oil into the supplementary feeding program to improve vitamin A status of children of low socioeconomic groups have been given elsewhere [4] .
A major current limitation is the small amount of crude palm oil currently produced in India, only about 10,000 tons. The is too meager to have any impact on the total edible oil supply in the country, where the demand is nearly 10 million tons. The current production of palm oil in India should be used to produce edible-grade refined red palm oil of the type developed in Malaysia. To meet the edible oil shortage in the country, nearly three to four million tons of edible oil are currently being imported, mainly as palm olein from Malaysia. Clearly, a major agricultural effort to increase palm oil production in India is needed.
Current efforts to introduce red palm oil into ready-to-eat supplementary food for use in supplementary feeding programs
A Workshop on Supplementary Nutrition in ICDS Projects in Andhra Pradesh was organized by the AP Foods on 28 December 1998. While delivering the inaugural address, I made a strong plea for the introduction of red palm oil into the supplementary food distributed to combat vitamin A deficiency among children covered in the ICDS program. This suggestion was welcomed by the participants. As a consequence, the director of the National Institute of Nutrition (NIN) and the managing director of AP Foods took this as a joint project. AP Foods was responsible for developing a food incorporating red palm oil, and NIN was responsible for testing the effect of the carotenefortified supplementary food on the vitamin A status of children in an ICDS area in Andhra Pradesh. This project has been started, and the following is the current state of its progress [18] .
AP Foods has completed multiple trials to enrich different ready-to-eat food preparations with refined red palm oil (Carotino). They have succeeded in incorporating red palm oil into two of their products, a powder form and an extruded product. Red palm oil was incorporated into the powdered form by direct mixing, and the extruded product was coated with red palm oil by a spraying technique. Both products were prepared with and without an antioxidant, BHA (0.001%). Red palm oil (Carotino) containing 500 µg carotene is added at a 4% level to the food to provide one RDA equivalent, i.e., 400 µg retinol equivalent for each child.
These supplements contain wheat flour, full fat soy flour, and sugar. In the snacks, milk powder, maize, and bengal gram are included in addition. These supplementary foods provide 425 to 450 kcal, 1 to 15 g protein, and 10 g fat per 100 g.
The stability of carotene in the products and their acceptability were tested at NIN. The products were well accepted, with a score close to 3.5 out of a maximum score of 5.0. Whether or not the product contained the oxidant BHA, stability tests showed that carotene in the supplementary food was less stable in the powdered form than in the extruded pellet form. At the end of three months, the carotene content was more than 60% in the pellet form, whereas it was less than 40% in the powdered form. It is proposed to prepare the supplementary food in a biscuit form and test the stability of carotene in it. Whatever may be the final product selected for feeding, carotene will be added to compensate for the expected carotene loss. The actual amount of red palm oil (Carotino) incorporated into the food would be about 7% in extruded food and 10% in the powdered form.
NIN is now planning the next phase of the study of processing of the food at the factory Take-home RPO included in the food packet take-home food packet with instructions to add RPO in the specified quantity to the cooked food given to the child and the mother and also to the milk and weaning food given to infants a. 5 ml RPO was given to the child and 10 ml RPO to the mother.
to evaluate these carotene-containing supplementary foods developed by the AP Foods in the field (an ICDS area) on growth and vitamin A status of children.
Earlier attempts to incorporate red palm oil in the supplementary food in an ICDS area
A study was undertaken by the Department of Foods and Nutrition of the local Agricultural University (Acharya NG Ranga Agricultural University) to evaluate the operational feasibility of introducing red palm oil into the supplementary feeding programs of ICDS centers [19] . This team studied the acceptability of sup-plementary food containing red palm oil (2 g of deacidified and deodorized red palm oil per child) and any problems faced by the village volunteer (Anganwadi) worker with the feeding, factors affecting consumption, and the impact of consumption of this food on the vitamin A status and morbidity of the children.
The results appear to indicate that red palm oil supplementation increased the attendance at the center and resulted in a decrease in clinical signs of deficiency and in morbidity in the children. If these efforts to introduce red palm oil in the supplementary feeding program of the ICDS continue, there is hope that the incidence of vitamin A deficiency among children can be prevented or reduced to a large extent.
